Co-incineration of wastes started more than 20 years ago. In the last 10 years, the use of alternative fuels in the cement industry is continuously increasing. The use of solid wastes in cement kilns is one of the best technologies for a complete and safe destruction of these wastes, due to the fact that there is a simultaneous benefit of destroying wastes and getting the energy. However, particulate matters (PM) and gaseous chemicals emitted from a source into the environment could be directly transmitted to humans through air inhalation. Therefore, for accurate health risk estimation, the emission of pollutants must be determined. In this work, the analysis of the emission of different pollutants when replacing partially the fuel type used in a cement kiln is done. PM, PM 10 , heavy metals and inorganic pollutants are analyzed. The methods used for sampling and analysis are the standard methods suggested by the EU regulations for stack analysis. Experimental results have shown the encouraging results: in particular clinker characteristics were unmodified, and stack emissions (NO x , SO 2 and CO mainly) were in the case of tires, slightly incremented but remaining almost always below the law imposed limits, and in some cases were even decreased.
Co-incineration of wastes started more than 20 years ago. In the last 10 years, the use of alternative fuels in the cement industry is continuously increasing. The use of solid wastes in cement kilns is one of the best technologies for a complete and safe destruction of these wastes, due to the fact that there is a simultaneous benefit of destroying wastes and getting the energy. However, particulate matters (PM) and gaseous chemicals emitted from a source into the environment could be directly transmitted to humans through air inhalation. Therefore, for accurate health risk estimation, the emission of pollutants must be determined. In this work, the analysis of the emission of different pollutants when replacing partially the fuel type used in a cement kiln is done. PM, PM 10 , heavy metals and inorganic pollutants are analyzed. The methods used for sampling and analysis are the standard methods suggested by the EU regulations for stack analysis.
Experimental results have shown the encouraging results: in particular clinker characteristics were unmodified, and stack emissions (NO x , SO 2 and CO mainly) were in the case of tires, slightly incremented but remaining almost always below the law imposed limits, and in some cases were even decreased.
Key words: co-incineration; cement plants; waste; stack; emission.
Cement is an important binding agent for the construction industry and is produced world-wide in large amounts (app. 300-400 million tons in Europe). A central process step during the manufacturing of cement is the production of the intermediate product clinker. For this production, inorganic raw materials are calcinated at temperatures in the range of 1000-1500 °C [1] . In order to reduce the costs of this energy-intensive process, regular fuels like coal and petroleum coke are increasingly substituted by different types of waste. In the last 10 years, the use of alternative fuels has been continuously increasing. The share of secondary fuels in the total use of fuels in cement plants is expected to increase further. On the other hand, the accumulation of millions of worn automotive tires is a considerable environmental problem. On average, approximately one scrap tire per person per year is accumulated in industrialized countries. The use of solid wastes as a supplementary fuel or raw material sub- stitutes in cement kilns is one of the best technologies for a complete and safe destruction of these wastes, due to the fact that there is a simultaneous benefit of destroying wastes and getting the energy [2] . Nevertheless, some wastes, such as those containing an important amount of Hg, should be carefully treated in the kiln. At the same time, the substitution of primary fossil fuels has environmental and economic advantages. In an incineration process, some chemicals are emitted as a consequence of the combustion process and these chemicals could be directly transmitted to humans through air inhalation.
One of the major hazards in the alternative fuel flue gas composition is the heavy metal (HM) content. Not all heavy metals are toxic and not all toxic heavy metals have the same toxicity. Therefore many countries differentiate between different toxicity classes: -Class I: Cd, Hg, Tl; -Class II: As, Co, Ni, Se, Te; -Class III: Pb, Cr, Cu, Pt, V, Sn, Pd, Sb, Mn, Rh. The HM in class I are the most toxic and harmful, the HM in class III the least ones. The main sources of HM emissions from cement kiln stacks are either raw materials or fuels containing heavy metals.
I N P R E S S A. JOVOVIĆ et al.: THE EMISSION OF PARTICULATE MATTERS AND HEAVY METALS… CI&CEQ 15 (X) XXX−XXX (2009) 2
The present work has the main purpose of checking the amounts of pollutants emitted by a cement kiln in different situations. Tires were used as alternative fuels in clinker kilns of two different cement plants (A and B).
Heavy metals entering the kiln (with fuels and with raw materials) have three different ways to exit the system: they can exit with the cement clinker emitted through the stack and can also be found in the filter dust cement.
Since combustion processes generate gaseous pollutants and solid waste materials which must be disposed of or reused as secondary raw materials, it is important to characterize these combustion products in order to assess the environmental impacts of the energy recovery from whole tires.
National legislation does not consider the emission level value (ELV) for co-incineration of waste [4] . For this reason we consider EU directive 2000/76/EC [5] and a very strong national ELV for the incineration of waste [4] .
EXPERIMENTAL
The cement factories (Plants A and B) are located in Serbia with the current production of 2000 and 4000 t cement clinker per day, respectively. Plants are equipped with state-of-art bag filters [3] .
Our tests in the cement kilns were performed through more than five years. Several series of runs were carried out, with different mass flows rate of coal, petrol coke and tires.
The characterization of the coals, petrol cokes and tires was carried out ( Table 1 What almost all these methods have in common is the necessity to get an isokinetic regime for gas sampling. The isokinetic sampling equipment was a Zambelli 6000 Isoplus, according to ISO 9096:2003. The same standard used for the selection of measurement points. All measurement points are on main stack after the bag filters.
In addition, in all the samplings some parameters were continuously monitored at the same measurement plane with the equipment for continuously monitoring in both plants: O 2 , SO 2 , NO 2 , NO, CO 2 , CO, PM and gas temperature. Tables 2 and 3 present the results on the emission of emitted gases from both cement kilns (all results are presented at 273K, 101,3kPa and 10% O 2 in dry gas).
Emission of PM 10 from plant A is 34 mg/m N 3 . Figures 1a and 1b present the comparison of the emissions of heavy metals.
The gaseous emission data measured for given fuels mostly show good reproducibility between the runs. For example, the volume percentages of O 2 and CO 2 (combustion quality indicators) during the runs were similar, between 6.7 and 8.99% (plant A) and 11.6 and 13.51% (plant B) for O 2 , and 11.4 and 15.3% for CO 2 .
It is of particular note that the NO x emissions generally did not decrease with the addition of tires. This observation is in contrast to other studies, some of which reported that adding tires typically leads to a reduction of NO x emissions [6] . SO x emissions decreased with the addition of tires, because the content of sulfur in the fuel mixture decreased.
The data shown in Figure 1 apparently indicate that the emission of some metals increased when using the increasing amounts of waste tires. Also, data show a very similar increase of the emission of Pb and Cr in both kilns when feeding tires.
Nevertheless, all results are under ELV [5] and indicate that the conditions of the furnace (very high temperature, good mixing and excess of oxygen) make the cement kiln factory an ideal place to get a very good combustion. Some paper reported that the amount of organic matter in the cement raw material seems to be responsible for the possible changes in emission [8, 9] .
CONCLUSION
Experimental results have shown encouraging results: in a particular clinker characteristics were unmodified, and stack emissions (NO x , SO 2 and CO mainly) were in the case of tires, slightly incremented, but remaining almost always below the law imposed limits, and in some cases they were even decreased. In general terms, it can be concluded that the incremental risk, due to the emissions of the cement plant, is comparatively very small, not only with respect to human health effects, due to the emission of criteria contaminants, but also in relation to toxicological and cancer risks produced by exposure to pollutants such as metals emitted by the facility. Further investigations should also include other waste and also long-range transport and detailed evaluation of health risks.
